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AIR CYCLE ENVIRONMENTAL CONTROL 
SYSTEMS WITH TWO STAGE 

COMPRESSION AND EXPANSION AND 
SEPARATE AMBIENT AIR FAN 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
application Ser. No. 60/088,027 ?led on Jun. 4, 1998. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to air cycle Envi 
ronmental Control Systems (ECSs) and, more speci?cally, to 
an improved air cycle ECS and improved method of con 
ditioning Water vapor bearing air While minimizing energy 
losses that might otherWise occur during Water vapor 
removal. 
ECSs are used to provide a supply of conditioned air to an 

enclosure, such as an aircraft cabin and cockpit. An air cycle 
ECS typically operates on a How of bleed air taken from an 
intermediate or high pressure stage Within a jet engine 
having multi-compression stages or from an auxiliary poWer 
unit (APU) having a compressor speci?cally designed as a 
source of compressed air to the aircraft air conditioning 
system. All air compressed by the engine or APU is initially 
ambient air Which may contain substantial amounts of 
moisture While operating at loW altitudes. One important 
function of the ECS is to remove most of the moisture that 
Would otherWise condense and be supplied as unWanted 
liquid droplets in the cool supply of conditioned air to the 
cabin. 
TWo main ECS types have been used most recently and 

are considered state of the art for an ef?cient air cycle ECS. 
These ECSs are referred to as the 3 Wheel and 4 Wheel high 
pressure Water separation (HPWS) systems. The reference to 
3 Wheels relates to the fact that three rotating aerodynamic 
impellers (namely, one turbine, one compressor and a fan) 
are tied to one another by a common drive shaft. The bleed 
air is usually pre-cooled Within a single, primary heat 
exchanger Where the heat is rejected to ambient air, and then 
?oWed to the single compressor. The fan moves the ambient 
air through the heat exchanger While the aircraft is on the 
ground and no air speed is available to push the air through 
such exchanger. Because Water is removed before the air 
?oW reaches the turbine, the How is at a relatively high 
pressure created by the single compressor. Hence, the term 
“high pressure Water separation” is used. 

Typically folloWing compression in the 3 Wheel HPWS 
system, an ambient air secondary heat exchanger, a reheater, 
and a condenser are employed for air cooling and Water 
condensation. The secondary ambient air heat exchanger 
cools the air back to near ambient temperature. Next, the 
reheater further cools the air and the condenser then com 
pletes the cooling process. In the condenser, a temperature is 
reached Where most of the Water content has to condense 
into a liquid form. Some prior condensation, hoWever, takes 
place in the secondary heat exchanger and the reheater. 

After ?nal condensation in the condenser, the liquid Water 
is removed by a Water extractor. The resulting dehumidi?ed 
air ?oWs to the reheater Where it cools the incoming mois 
ture laden bleed air and, in turn, the dehumidi?ed air is 
reheated. The reheated dehumidi?ed air, Which contains 
essentially no liquid moisture, is then supplied to the single 
turbine for expansion and cooling. Acool, expanded air from 
the turbine is then ?oWed into the condenser Where the 
incoming moisture laden bleed air is cooled. In the 
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2 
condenser, the cool expanded air absorbs a heat load equal 
to the heat of condensation removed from the moist bleed air 
and the sensible cooling load corresponding to the tempera 
ture reduction imparted to the bleed air While in heat 
exchange in the condenser. The air from the turbine, Which 
has noW been Warmed in the condenser, is then directly 
supplied to the cabin. 
A feature of the current 3 Wheel HPWS system is that the 

reheater is used to recover part of the cooling load necessary 
for Water condensation. This is because the turbine can 
transform the extra energy represented by the combined 
pressure and temperature of the incoming reheated, dehu 
midi?ed air into mechanical energy (i.e., shaft poWer), and 
can deliver air at loWer pressure and temperature. As air at 
higher temperature is input to the turbine after being Warmed 
up in the reheater, the thermodynamic laWs of expansion 
dictate that a larger temperature drop occurs in the turbine, 
as Well as more turbine poWer. This extra cooling and 
mechanical poWer represent a partial “recovery” of the heat 
energy added to the How in the reheater that is not passed on 
to the cabin. The recovery is, in fact, only minimal in the 3 
Wheel HPWS because there is only a partial amount of 
condensation that occurs in the reheater. The majority of the 
energy related to the Water condensation process is 
exchanged in the condenser and is not returned to the turbine 
for recovery. Instead, such non-recovered energy ?nds its 
Way directly into the cabin in the form of higher supply 
temperature 

In a 4 Wheel HPWS system, a second turbine (i.e., the 
fourth Wheel) is added doWnstream of the condenser. With 
both the 3 and 4 Wheel systems, the dehumidi?ed air leaving 
the condenser contains extra heat exchanged in the condens 
ing process. In the 4 Wheel system, instead of adding entirely 
to the cabin supply temperature, that extra heat provides a 
higher energy level to the air entering the second turbine, 
and partial recovery of that energy can take place in the 
second turbine. At typical turbine pressure ratios and 
ef?ciencies, the 4 Wheel system is generally more energy 
ef?cient than the above 3 Wheel system. 

Despite the general energy ef?ciency advantage of the 
prior 4 Wheel HPWS design over the 3 Wheel HPWS design, 
the former still has disadvantages. A draWback of the fan 
being tied to the compressor and turbines is that optimal 
operation of each of the 4 Wheels must be balanced against 
each other, Which usually means one or more of the 4 Wheels 
operating at less than optimum levels. A further disadvan 
tage is that the fan draWs poWer from the system and thereby 
reduces the amount of available poWer for compression. 
With less compression, there is less of a pressure ratio drop 
for the turbines, Which means less cooling capacity. 

Additionally, in the prior 4 Wheel HPWS, the temperature 
?oW from the ?rst turbine and into the condenser typically 
needs to remain above freeZing. Such a temperature limita 
tion imposes a pressure ratio expansion or temperature drop 
limitation across the ?rst turbine. With a temperature drop 
limitation, there is an accompanying energy recovery limi 
tation on the ?rst turbine. 

Both the 3 and 4 Wheel systems usually remove Water at 
a pressure level resulting from typical “loW stage” port bleed 
from the engines, plus one subsequent stage of compression 
in the ECS itself. Higher Water extraction ef?ciency could 
result from condensing at higher pressures, leading to drier 
air supply. Alternatively, higher condensing temperatures 
could be used if pressures Were higher for the same Water 
removal capability, Which Would reduce heat exchanger siZe 
and sensible heat energy penalties. To achieve higher con 
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densing pressures, current systems Would have to rely on 
higher bleed pressures, Which are either unavailable from 
current APUs and engines or Would be more costly in engine 
fuel usage. 

Past attempts have been made in various Ways to address 
the issue of higher pressures by calling for dual stages of 
compression in the ECS itself. For example, US. Pat. No. 
3,289,436 uses both dual compressors and dual turbines With 
RAM heat exchangers intercooling after each stage of 
compression. This system, however, Was designed for opera 
tion at high aircraft speeds (i.e., supersonic) With high bleed 
pressures and high temperatures from the engine. Because 
the RAM heat exchangers are in series for the RAM air, they 
result in large siZe and length. Further, the series arrange 
ment of the turbines does not shoW any provision for 
condensing Water. Indeed, the disclosed invention does not 
address the issue of Water separation and extraction, a 
fundamental aspect of system ef?ciency. 
US. Pat. No. 2,767,561 also shoWs the use of tWo stages 

of compression and expansion, but does not describe any 
particular heat exchanger con?guration regarding the RAM 
air circuit. If the heat exchangers are used in parallel to the 
RAM ?oW, they Will lead to large siZe and excessive ram 
?oW usage. If used in series, the second intercooler Will lead 
to elevated turbine inlet temperatures, Which is unsuitable 
for adequate Water extraction. In fact, the disclosed inven 
tion does not address Water extraction. Designed for high 
speed and high engine bleed pressures, this system is not 
compatible With current needs for high efficiency, loW fuel 
usage, and relatively loW engine bleed pressures. 

The prior use of tWo compressors but With only a single 
turbine is shoWn in US. Pat. No. 4,312,191. The ?rst 
compressor is used to boost the pressure level of cabin air 
Which is recirculated and later cooled by the system. 
HoWever, this system describes a Water separation method 
only at loW pressure after the turbine expansion. Therefore, 
the system is less ef?cient at removing Water than the current 
3 and 4 Wheels HPWS. Furthermore, the air cycle system is 
not self-poWered, thus requiring complex mechanical drives. 
As can been seen, there is a need for an improved ECS 

and improved method for higher pressure Water condensa 
tion and extraction in an ECS, both of Which increase 
ef?ciency. Speci?cally, there is a need to increase the 
pressure expansion ratio available to the turbines to provide 
greater cooling capacity. Another speci?c need is to loWer 
the energy requirement for Water condensation in the con 
denser and leave more energy for useful Work. Likewise, 
there is a need to minimiZe energy losses incurred in the 
Water condensation and removal process of an ECS. 
Speci?cally, there is a need for an ECS to reduce the amount 
of Water condensation energy that is added in the form of 
heat to the supply stream to the enclosure. There is a further 
need for an ECS and method of condensation that provides 
more cooling capacity for a given siZed system, or a smaller 
siZed system for a given load. In particular, there is a need 
for heat exchanger con?gurations that not only minimiZe 
siZe, Weight, and RAM air usage but also intercool betWeen 
staged compressions. 

SUMMARY OF THE INVENTION 

The present invention is directed to an improved ECS 
With tWo or more stages of compression and of expansion, 
While alloWing for separate operation of a fan to pull RAM 
air through heat exchangers. The system comprises a plu 
rality of compressors capable of compressing a Water vapor 
bearing air to produce a highly compressed air; a reheater 
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4 
capable of cooling the compressed air; a condenser in How 
communication With the reheater, With the condenser being 
capable of condensing the Water vapor; a Water extractor in 
How communication With and intermediate of the condenser 
and the reheater; and a plurality of turbines in How com 
munication With and doWnstream of the reheater. The inven 
tion is also directed to an improved arrangement of RAM 
heat exchangers that minimiZes system Weight and siZe, 
While maintaining maximum cycle temperatures Within a 
range Where lightWeight material (such as aluminum) can be 
used. 

The invention is also directed to an improved method of 
conditioning Water vapor bearing air While minimiZing 
energy losses during Water removal. Such method comprises 
the steps of compressing the Water vapor bearing air in a 
plurality of stages to produce a highly compressed air; 
cooling the compressed air in a reheater; condensing Water 
vapor from the compressed air in a condenser such that the 
compressed air can become a dehumidi?ed air; absorbing a 
heat of sensible cooling and a heat of condensation by the 
dehumidi?ed air in the reheater; and routing the dehumidi 
?ed air through at least tWo turbines for supply to an 
enclosure. 

These and other features, aspects, and advantages of the 
present invention Will become better understood With refer 
ence to the folloWing draWings, description, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of one embodiment of an 
environmental control system according to the present 
invention; 

FIG. 2 is a schematic diagram of a second embodiment of 
an environmental control system according to the present 
invention; 

FIG. 3 is a schematic diagram of a third embodiment of 
an environmental control system according to the present 
invention; 

FIG. 4 is a schematic diagram of a fourth embodiment of 
an environmental control system according to the present 
invention; 

FIG. 5 is a schematic diagram of a ?fth embodiment of an 
environmental control system according to the present 
invention; 

FIG. 6 is a schematic diagram of a sixth embodiment of 
an environmental control system according to the present 
invention; and 

FIG. 7 is a schematic diagram of a seventh embodiment 
of an environmental control system according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 schematically shoWs one embodiment of an air 
cycle, 4 Wheel environmental control system 10 according to 
the present invention. The system 10 generally operates by 
receiving a bleed air stream 11 to be conditioned for eventual 
supply to an enclosure, such as the cabin of an aircraft. The 
conditioning of the bleed air 11 includes removing Water 
vapor and loWering the temperature. The operation of the 
present invention, as described hereinafter, corresponds to 
sea level or loW altitude conditions When substantial Water 
vapor is present in the ambient air and has to be removed by 
the system 10. 

In the context of an aircraft, the bleed air 11 comes from 
a turbine engine. The system 10 (FIG. 1) is designed for 
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alternately cooling the bleed air 11 in a plurality of primary 
heat exchangers 12a, b Which operate in series and com 
pressing the air in a plurality of compressors 16a, b Which 
also operate in series. Thereafter, the air ?oW moves into a 
secondary heat exchanger 13 Which provides cooling and 
some Water vapor condensation. When the How is subse 
quently routed into a reheater 19 for further cooling, addi 
tional condensation can occur. Upon even further cooling of 
the air in a condenser 23, all of the desired Water vapor 
condensation in the system 10 is achieved. After liquid Water 
is extracted, the air is returned to the reheater 19 and then 
expanded by a ?rst turbine 26. From the turbine 26, the air 
returns to the condenser 23, enters a second turbine 32 for 
expansion, and then exits as a supply 28 to the cabin of the 
aircraft. Several alternative embodiments of the invention 
are also contemplated, as shoWn in FIGS. 2—7. And even 
though the present invention is described in the context of an 
aircraft, it is contemplated that many different environments 
can incorporate the system 10, such as buses and other 
ground vehicles Where a source of compressed air is avail 
able. 

In more particularly describing one preferred embodiment 
of the present invention (FIG. 1), the bleed air 11 is 
pre-cooled in a pair of sequentially operating, primary heat 
exchangers 12a, b. As knoWn in the art, if the bleed air 11 
is from an aircraft turbine engine, the humidity and tem 
perature of the air 11 can vary Widely, and commonly 
encountered humidity may range from about 0 to 100% 
While temperatures may range from about 200 to 450 
degrees F. Speci?cally, the ?rst primary heat exchanger 12a 
receives and pre-cools the bleed air 11 by a heat exchange 
process With an ambient or RAM air 14 Which can be draWn 
by a fan 29 described beloW. A pre-cooled air then exits the 
?rst primary heat exchanger 12a through a duct 15 and 
enters a ?rst or intermediate pressure compressor 16a. The 
compressor 16a is capable of compressing the pre-cooled air 
to an intermediate or mid-pressure. While the amount of 
compression can vary depending upon the particular envi 
ronment for the system 10, it is contemplated that the 
pressure range for the ?rst compressor 16a in this embodi 
ment of the invention is about 50 to 65 psia. Thereby, a mid 
or intermediate pressure air exits the compressor 16a, ?oWs 
through a duct 17 and enters the second primary heat 
exchanger 12b. 

Similar to the ?rst primary heat exchanger 12a, the second 
primary heat exchanger 12b cools the mid-pressure air by 
removing heat added to the air from its prior compression in 
compressor 16a. The heat removal is accomplished by a heat 
exchange process betWeen the mid-pressure air and the 
ambient air 14 Which is being draWn by the fan 29. As can 
be seen in FIG. 1, the ?rst and second primary heat exchang 
ers 12a, b are operating in parallel to one another With 
respect to the RAM air 14. In other Words, and as further 
described beloW, the ambient air 14 is split into parallel 
routes for entrance into the primary heat exchangers 12a, b 
on their RAM air sides. 

The fan 29, in this embodiment, is operable separately 
from the Compressors 16a, b and the turbines 26, 32. This 
is unlike prior 4 Wheel systems Which have used a single 
shaft to provide common rotating engagement among the 
fan, the single compressor, and the tWo turbines. Instead, the 
present invention contemplates that the fan 29 is a separately 
poWered unit Which might, for example, be of an electrical 
or a turbofan type. Because of such separate operation, the 
fan 29 can be placed in a nonoperating mode, for example, 
When the aircraft is operating at a higher altitude and the fan 
29 is not needed to draW air through the heat exchangers 
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6 
12a, b. Also, the fan operating speed can be optimiZed 
Without compromising the speed of turbines 26, 32 or 
compressors 16a, b and result in a higher poWer ef?ciency 
for all of such components. 
From the second primary heat exchanger 12b, a re-cooled 

air exits through a duct 33 and into the second or high 
pressure compressor 16b. In the high pressure compressor 
16b, the re-cooled air is compressed to a pressure higher 
than that achieved by the intermediate pressure compressor 
16a. Although the amount of pressure can vary for the 
environment, this embodiment contemplates that the air is 
raised to about 70 to 90 psia in the high pressure compressor 
16b. It can be appreciated from the foregoing that the bleed 
air 11 is being compressed in stages or in a stepWise fashion 
through the compressors 16a, b. Similarly, the bleed air is 
being cooled in the primary heat exchangers 12a, b in a 
staged or stepWise fashion. Together, the primary heat 
exchangers 12a, b and the compressors 16a, b are operating 
in series and, in so doing, creating an alternating cooling and 
compression of the bleed air 11. And although the embodi 
ment shoWn in FIG. 1 depicts only tWo stages of cooling and 
compression, the present invention contemplates that the 
number of primary heat exchangers 12 and number of 
compressors 16 can exceed more than tWo, if it is desired to 
increase the number of stages of cooling and/or compres 
sion. 

Irrespective of the number of cooling and/or compression 
stages, the last compression stage, Which is provided in this 
embodiment by the compressor 16b, produces a high pres 
sure or highly compressed air that exits through a duct 34. 
From the duct 34, a secondary heat exchanger 13 cools the 
high pressure air to a temperature level that might be 
suf?cient to cause some condensation of the Water vapor in 
the high pressure air. Although the amount can vary for 
different environments, this embodiment contemplates that 
about 0 to 30% of the total Water vapor content in the bleed 
air 11 is condensed in the secondary heat exchanger 13. The 
secondary heat exchanger 13 cools the high pressure air and 
condenses the Water vapor by removing heat added during 
the prior compression stages. The heat is removed by 
placing the high pressure or compressed air in heat exchange 
relationship With the ambient air 14. 

Also, it can be seen in FIG. 1 that the secondary heat 
exchanger 13 routes the ambient air 14 in substantially equal 
parts to the primary heat exchangers 12a, b. Thus, the 
operation of the secondary heat exchanger 13 is in series 
With the primary heat exchangers 12a, b. Taking the overall 
combination of the secondary heat exchanger 13 and the 
primary heat exchangers 12a, b, the operating con?guration 
in FIG. 1 may be described as a “series-parallel” or “split 
primary” con?guration. 
A high pressure or highly compressed, cooled air exits the 

secondary heat exchanger 13 and enters a duct 18. At this 
point, the high pressure, cooled air is still laden With the 
Water vapor Which entered the system 10. HoWever, a 
limited amount (up to about 30% in this embodiment) of 
Water vapor may have already condensed due to the tem 
perature reduction in the secondary heat exchanger 13. A 
portion of that condensed Water may optionally be removed 
by a Water extractor 30 Which could be of a split duct type 
or other con?guration prior to entering the reheater 19. 
The reheater 19 further cools the high pressure, cooled air. 

The cooling occurs through a heat exchange relationship 
betWeen the high pressure, cooled air and a coolant medium 
Which comprises a How doWnstream of the condenser 23, as 
further described beloW. The heat exchange in the reheater 
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19 lowers the temperature of the high pressure air but not to 
a point Where a substantial amount of Water vapor condenses 
as a liquid. In this embodiment, for example, only about 10 
to 30% of the total Water vapor in the bleed air 11 is 
condensed in the reheater 19. Of course, the amount of 
condensation in the reheater 19 can vary With the particular 
requirements of the enclosure or environment to be supplied. 

Upon the reheater 19 cooling the high pressure, cooled air, 
a Water vapor bearing cooled air How is created and Which 
still contains a substantial amount of Water vapor. The 
cooled air How then moves through a duct 20 and into a 
condenser 23 to condense substantially all of the remaining 
Water vapor. The condenser 23 also uses heat exchange for 
its condensation function Whereby a coolant medium is a 
How doWnstream of the ?rst turbine 26, Which is further 
described beloW. In the embodiment of FIG. 1, preferably 
more than about 40% of the initial Water content in the bleed 
air 11 condenses in the condenser 23, although the amount 
of condensation may vary for the environment. As a result 
of such Water vapor condensation, a condensed Water/air 
How is produced and Which can become a dehumidi?ed air 
by mechanically removing the condensed Water. 

The removal of the liquid Water from the condensed 
Water/air How is achieved by a Water extractor 21 Which is 
How connected to the condenser 23 by a duct 24. Usefully, 
more than about 80% of the Water is removed and, more 
preferably, about 90 to 95% is removed. Nevertheless, the 
total Water content of the dehumidi?ed air can vary depend 
ing upon the siZing requirements and the environment of the 
system 10. The dehumidi?ed air leaves the Water extractor 
21 via a duct 22. 

Through the duct 22, the dehumidi?ed air returns to the 
reheater 19 Wherein the dehumidi?ed air acts as a coolant 
medium When it is placed in heat exchange relationship With 
the high pressure, cooled air from the secondary heat 
exchanger 13. Consequently, and since a relatively small 
amount of condensation occurs in the reheater 19, the 
dehumidi?ed air absorbs a relatively small amount of a heat 
of sensible cooling and a heat of condensation given off from 
the high pressure, cooled air bearing Water vapor. 
Accordingly, the dehumidi?ed air is reheated in the reheater 
19. As the dehumidi?ed air is reheated, the system 10 is 
designed so that essentially all Water remaining in liquid 
form evaporates and a dry airstream can exit the reheater 19. 

The reheated dehumidi?ed air is delivered from the 
reheater 19 through a duct 25 and to the ?rst turbine 26. 
Since the reheated dehumidi?ed air contains absorbed sen 
sible heat and condensation heat, the absorbed heat remains 
available for recovery and conversion into useful mechani 
cal energy. In this invention, a partial recovery occurs When 
the reheated air is ?oWed into and expanded by the ?rst 
turbine 26. In addition to the recovery of sensible heat and 
condensation energy in the form of mechanical energy to the 
turbine rotating assembly, the ?rst turbine 26 cools the air 
When it is expanded and, thus, provides a cooler air supply 
28. 

The expanded air from the turbine 26 ?oWs through a duct 
27 to enter the condenser 23. In the condenser 23, the 
expanded air serves as a coolant medium When placed in 
heat exchange relationship With the Water vapor bearing 
cooled air from the reheater 19. From such heat exchange 
relationship, the expanded air is Warmed by virtue of it 
absorbing a heat of sensible cooling and heat of condensa 
tion from the Water vapor bearing cooled air. After Warming, 
a Warmed air exits the condenser 23 through a duct 31 and 
enters the second turbine 32 Which is in rotating engagement 
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(not shoWn) With the ?rst turbine 26, as Well as the com 
pressors 16a, b. 
As With the ?rst turbine 26, the second turbine 32 recovers 

energy from rejected heat of condensation and heat of 
sensible cooling in the system 10 by expansion of the 
Warmed air from the condenser 23. But in contrast to the ?rst 
turbine 26, the amount of energy recovery in the second 
turbine 32 is greater in the sense that a greater amount of 
condensation occurs in the condenser 23 When compared to 
the reheater 19. Irrespective of the amount of relative 
recovery, the recovery by both turbines 26, 32, can be used, 
for example, to increase their rotating speed, boost their 
pressure ratio, and increase the expansion of the reheated air 
as a result of the common rotating engagement of the 
turbines 26, 32 and the compressors 16a, b. In any event, 
from the second turbine 32, an air exits as the supply 28. 

It can be seen from FIG. 1 that the present invention 
includes the steps of pre-cooling the Water vapor bearing 
bleed air 11 in a plurality of primary heat exchangers 12a, 
b and alternately compressing the air 11 in a plurality of 
stages by a plurality of compressors 16a, b. As the air is 
being compressed over stages, the pressure of the air is being 
increased in a stepWise fashion, and a high pressure or 
highly compressed, cooled air is produced. The next step 
includes re-cooling and possibly condensing some Water 
vapor from the air How in a secondary heat exchanger 13. A 
subsequent step is cooling the high pressure air in a reheater 
19 Where some Water vapor condensation occurs. The 
reheater 19 thus produces a Water vapor bearing cooled air 
?oW containing a relatively small amount of condensed 
Water. The condenser 23 is then used to accomplish most of 
the Water vapor condensation in the system 10. A step of 
extracting condensed Water next occurs When the condensed 
Water/air ?oW moves from the condenser 23 and through the 
Water extractor 21. Upon extraction of the condensed Water, 
the dehumidi?ed air is produced. 
A folloWing step includes the dehumidi?ed air being 

routed back through the reheater 19 such that the dehumidi 
?ed air is in heat exchange relationship With the high 
pressure, cooled air. Thereby, the system 10 includes a step 
of absorbing an energy of sensible cooling and of conden 
sation removed from the Water in the reheater 19. The 
reheated air from the reheater 19, Which carries the absorbed 
heat, is then expanded in the ?rst turbine 26. In so doing, the 
absorbed heat is partially recovered by the turbine 26 and 
transformed into useful mechanical energy, rather than 
alloWing such absorbed heat to be simply added to the 
supply 28. The expanded air from the ?rst turbine 26 is then 
placed in heat exchange relationship With the Water vapor 
bearing cooled air in the condenser 23 such that a step of 
again absorbing an energy of sensible cooling and of con 
densation occurs. Thereafter, the expanded air exits the 
condenser 23 and ?oWs to the second turbine 32 for addi 
tional cooling and further recovery of the absorbed heat of 
condensation and sensible cooling. Finally, the cooled air is 
supplied to the enclosure or cabin. 

In referring to alternative embodiments of the present 
invention, FIG. 2 depicts a second embodiment Which can 
be described as a “split secondary heat exchanger” con?gu 
ration. In the second embodiment, a bleed air 40 enters a 
single primary heat exchanger 41 such that the air 40 is 
pre-cooled by heat exchange With an ambient air (not 
shoWn). A pre-cooled air from the primary heat exchanger 
41 is then compressed in a ?rst or intermediate compressor 
42a such that the air is pressuriZed to an intermediate 
pressure. From the ?rst compressor 42a, the air is again 
cooled in a ?rst secondary heat exchanger 43a by heat 
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exchange With the ambient air. A re-cooled air exits the heat 
exchanger 43a for compression to a high pressure in a 
second or high pressure compressor 42b. The How from the 
compressor 42b is directed into a second secondary heat 
exchanger 43b for cooling by heat exchange With the 
ambient air. Thereafter, the air How can be subjected to Water 
separation and turbine expansion by, for example, the 
arrangement of the reheater 19, condenser 23, Water extrac 
tor 21, and turbines 26, 28, as shoWn in FIG. 1. Some of the 
advantages presented by the second embodiment are that the 
?rst secondary heat exchanger 43a can provide cooling of 
the ?rst compressor 42a air With higher effectiveness, as its 
coolant medium (the RAM air) is at its coldest available 
temperature. Thus, the secondary heat exchanger 43a may 
be smaller in this embodiment When compared to the ?rst 
embodiment. 

FIG. 3 shoWs a third embodiment of the present invention 
Which can be termed a “tertiary heat exchanger” con?gura 
tion. Therein, a bleed air 50 is pre-cooled in a primary heat 
exchanger 51 due to heat exchange With an ambient air (not 
shoWn). The air is then compressed to an intermediate 
pressure by a ?rst or intermediate pressure compressor 52a. 
The How is re-cooled in a tertiary heat exchanger by heat 
exchange With the ambient air. The air is again compressed, 
but noW to a high pressure by a second or high pressure 
compressor 52b. Next, the high pressure air from the com 
pressor 52b passes through a secondary heat exchanger 54 
for additional cooling by heat exchange With the ambient air. 
The How can then be subjected to Water extraction and 
turbine expansion, as in the second embodiment for 
example. Some of the advantages of the third embodiment 
are that it avoids splitting the RAM air How in parallel 
streams, as in FIGS. 1 and 2, resulting in less pressure drop 
overall and a reduced use of RAM air associated With loWer 
fan poWer. 

Afourth embodiment of the present invention is shoWn in 
FIG. 4 and described as a “second stage, non-intercooled” 
con?guration. Therein, the ECS comprises a ?rst subsystem 
for cooling and compressing a bleed air 60 and a second 
subsystem for Water vapor condensation, Water vapor 
extraction, and cooling. In the ?rst subsystem, the bleed air 
60 is pre-cooled by a primary heat exchanger 61 from heat 
exchange With an ambient air (not shoWn) and then com 
pressed to an intermediate pressure by a ?rst or intermediate 
pressure compressor 62a. An intermediate pressure air from 
the compressor 62a is then re-cooled in a secondary heat 
exchanger 63 by heat exchange With the ambient air. A 
re-cooled air from the secondary heat exchanger 63 repre 
sents a last cooling step before the air is next compressed to 
a high pressure by a second or high pressure compressor 62b 
Which represents a last compression step. HoWever, unlike 
the above embodiments of the present invention, the fourth 
embodiment does not utiliZe another heat exchanger to 
re-cool the high pressure air from the compressor 62b. 
Instead, the high pressure air is ?oWed directly into the 
second subsystem for Water separation and turbine 
expansion, as With the above embodiments. Some of the 
advantages of the fourth embodiment are that a smaller 
system package can be achieved With less heat transfer 
components. 

While the fourth embodiment may be described as a high 
pressure, nonintercooled, Water separation system, the ?fth 
embodiment of the present invention may be termed a 
“second stage, non-intercooled, mid-pressure Water separa 
tion” con?guration (FIG. 5). In the ?fth embodiment, a ?rst 
subsystem is provided for cooling and compression While a 
second subsystem provides Water vapor condensation, Water 
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vapor extraction and cooling. Initially, a bleed air 70 enters 
a primary heat exchanger 71 of the ?rst subsystem for 
pre-cooling. Next, the How is compressed in a ?rst or 
intermediate pressure compressor 72a. An intermediate 
pressure air from the compressor 72a is re-cooled in a 
secondary heat exchanger 73. From the exchanger 73, a 
re-cooled air is compressed to a high pressure by a second 
or high pressure compressor 72b. In contrast to the ?rst 
through fourth embodiments, the ?fth embodiment directs 
the high pressure air directly into a ?rst turbine 73a of the 
second subsystem for expansion rather than to the reheater 
19, condenser 23 and Water extractor 21. Thus, in the ?fth 
embodiment, the air is ?rst expanded by the ?rst turbine 73a, 
and thereby causes a pressure drop and condensation of 
Water vapor. Because the pressure is dropped before con 
densed Water vapor is extracted by a Water extractor 74, the 
Water separation is considered to be at a midpressure, not a 
high pressure. After Water extraction, the How is again 
expanded by a second turbine 73b. Some of the advantages 
of the ?fth embodiment are that it includes less components 
and is therefore potentially lighter and less costly to manu 
facture When compared to the above embodiments. In the 
absence of re-cooling of the second compressor 72b ?oW, 
the conditions at the turbine 73a inlet are alWays dry, 
preventing detrimental icing Within the turbine 73a. Because 
tWo stages of compression are used, the ?rst turbine 73a 
expansion and subsequent Water condensation, although at 
mid-pressure, are nevertheless at a suf?cient pressure level 
for ef?cient Water extraction. 
A sixth embodiment of the present invention (FIG. 6) is 

referred to as a “mid-pressure Water separation” con?gura 
tion Which may, for example, be used in connection With the 
?rst, second, third or fourth embodiments above. Therefore, 
With the ?rst embodiment as an example, the primary heat 
exchangers 12a, b, the secondary heat exchanger 13, and the 
compressors 16a, b can comprise a ?rst subsystem and be 
used upstream of the con?guration shoWn in FIG. 6. In so 
doing, the high pressure air ?oW from the second or high 
pressure compressor 16b Would pass into a second sub 
system Which includes a reheater 80. In the reheater 80, the 
How is in heat exchange relationship With a dehumidi?ed air 
coming from a Water extractor 82. From the reheater 80, a 
Water vapor bearing cooled air ?oWs directly into a ?rst 
turbine 81a for expansion and a consequent pressure drop to 
a mid-pressure. The expansion also cools the air and causes 
Water vapor condensation. An expanded air from the ?rst 
turbine 81a passes into a Water extractor 82 such that 
condensed Water vapor can be extracted. The dehumidi?ed 
air from the extractor 82 ?oWs into the reheater 80 Where the 
dehumidi?ed air acts a coolant medium When placed in heat 
exchange With the high pressure air from the compressor 
16b. Upon the dehumidi?ed air absorbing heat in the 
reheater 80, it is directed into a second turbine 81b for 
further expansion and recovery of the previously absorbed 
heat. Some of the advantages of the sixth embodiment are 
that, due to the presence of the reheater 80, the conditions at 
the inlet of the second turbine 81b are dry, thus avoiding 
icing problems Within that unit. Also, When compared to the 
?rst embodiment, the condenser 23 has been eliminated, 
leading to a lighter and less expensive system. 
A seventh embodiment of the invention, as depicted in 

FIG. 7, is referred to as a “reheater condenser Water sepa 
ration” con?guration. Like in the sixth embodiment, the 
seventh embodiment can utiliZe a ?rst subsystem comprising 
cooling and compression components shoWn in FIGS. 1—4. 
In utiliZing the ?rst embodiment shoWn in FIG. 1, a high 
pressure How from the second compressor 16b can enter a 
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second subsystem comprising a reheater condenser 90. 
Therein, the high pressure air is placed in heat exchange 
With a dehumidi?ed, cooled air from a subcooler 92. The 
high pressure air is thus cooled in the reheater condenser 90 
to cause condensation of Water vapor in the air. The con 
densed Water vapor can then be extracted by a Water 
extractor 91. A dehumidi?ed air from the extractor 91 ?oWs 
into a subcooler 92 Whereby the air is further cooled but 
Without signi?cant Water vapor condensation. The cooled, 
dehumidi?ed air from the subcooler 92 moves into the 
reheater condenser 90 Where it can absorb heat from the high 
pressure air. A reheated dehumidi?ed air from the reheater 
condenser 90 then ?oWs into a ?rst turbine 93a. The air is 
then expanded in the ?rst turbine 93a to produce an 
expanded air and alloW a recovery of some of the previously 
absorbed heat. The expanded air can then act as a coolant 
medium When placed in heat exchange With the dehumidi 
?ed air in the subcooler 92. Upon the expanded air being 
Warmed in the subcooler 92, the air is then expanded in a 
second turbine 93b and additional heat recovery can occur. 
Advantages of the seventh embodiment include high energy 
recovery in the ?rst and second turbines 93a, b, and the 
possibility to operate both turbines 93a, b at a subfreeZing 
supply temperature for high performance. 

It should be understood that the above embodiments 
represent only some of the embodiments considered to be 
Within the scope of the present invention. Thus, any one of 
the turbine/Water condensation embodiments shoWn in 
FIGS. 5—7 can be combined With any one of the RAM heat 
exchanger/compressor cooling embodiments shoWn in 
FIGS. 1—4, all of Which can be subject to further variants 
Within the scope of the present invention. 
As can be appreciated by those skilled in the art, the 

present invention increases operating ef?ciency of an air 
cycle ECS by increasing the operating pressure of the 
system 10 When compared to the conventional 3 and 4 Wheel 
HPWS. This increase in pressure is realiZed by passing the 
bleed air 11 through a plurality of staged compressors 16a, 
b. At the same time, the plurality of primary heat exchangers 
12a, b, Which are operating in parallel to one another, cools 
the air ?oW Which is increasing in temperature due to the 
increasing compression. With a higher operating pressure in 
the system 10, a greater pressure expansion ratio can be 
achieved in the system 10. And With a greater pressure 
expansion ratio, greater cooling capacity can be achieved 
When compared to conventional systems. 

Furthermore, With a higher operating temperature due to 
the higher operating pressure, heat transfer is favored in the 
primary heat exchangers 12a, b. Therefore, the primary heat 
exchangers 12a, b can be of a siZe smaller than the single 
heat exchanger found in the conventional 3 and 4 Wheel 
HPWS. Also, since the system 10 operates at a higher 
pressure than the conventional 3 and 4 Wheel HPWS, the 
temperature at Which condensation occurs can be at a higher 
temperature While achieving the same amount of Water 
condensation as in the conventional systems. With a higher 
temperature for condensation in the condenser 23, less 
cooling energy has to be draWn from the exit air of the ?rst 
turbine 26. Instead, the system 10 can rely on the ram air 14 
moving through the primary heat exchangers 12a, b and 
secondary heat exchanger 13 to suf?ciently cool the air for 
condensation. With greater reliance on the ram air 14 for 
condensation, the exit air from the ?rst turbine 26 can be 
used to a greater extent for cooling the supply 28. 

Additional advantages of the present invention include a 
fuel consumption savings. Because of the plurality of com 
pressors 16a, b, the bleed air 11 could be taken from a lower 
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pressure bleed stage of the aircraft engine. At such a loWer 
bleed stage, less fuel is consumed and, thus, the fuel savings. 
Further ef?ciency of the system 10 is achieved by the 
separately operable fan 29. With a conventional fan tied to 
the single compressor and the single/double turbine(s), the 
overall pressure ratio in the system is reduced by the fan 
load. With the fan 29 not being engaged to the compressors 
16a, b or the turbines 26, 32 in the present invention, the 
overall pressure ratio is not diminished by the fan 29. 

In comparison to the conventional 3 Wheel HPWS, greater 
ef?ciency is also achieved in the present invention by having 
tWo turbines 26, 32 rather than one. Thus, instead of 
providing only a single opportunity for energy recovery tWo 
opportunities are provided, alloWing a larger potential 
recovery. The present invention transforms the absorbed 
heat into energy that can increase the speed of the turbines 
26, 32 Which results in greater air expansion and cooling. At 
the same time, the compressors 16a, b, Which are mechani 
cally tied to the turbines 26, 32 by a common shaft (not 
shoWn), receive more energy for compression. The result is 
that the supply 28 can be cooler and have a greater cooling 
capacity. Alternatively, the needed amount of ambient air 14 
could be reduced, as Well as the siZe of the primary heat 
exchangers 12a, b and secondary heat exchanger 13, While 
delivering a given cooling capacity. 
As indicated above, the conventional 4 Wheel HPWS has 

a disadvantage of a restricted pressure expansion ratio or 
temperature drop across the ?rst turbine. In the present 
invention, such restriction is minimiZed or eliminated by the 
increased operating pressure and operating temperature 
Which effectively increases the pressure expansion ratio over 
the ?rst turbine 26 While still keeping its outlet ?oW above 
freezing. Without such restriction, the amount of energy 
recovery in the ?rst turbine 26 is not accordingly restricted 
by a concern over freeZing. 

It should be understood, of course, that the foregoing 
relates to preferred embodiments of the invention and that 
modi?cations may be made Without departing from the spirit 
and scope of the invention as set forth in the folloWing 
claims. 
What is claimed is: 
1. A method for conditioning Water vapor bearing air for 

supply as conditioned air to an enclosure, comprising the 
steps of: 

compressing said Water vapor bearing air in a plurality of 
stages to produce a compressed air; 

cooling said compressed air in a reheater; 
condensing Water vapor from said compressed air in a 

condenser such that said compressed air can become a 
dehumidi?ed air; 

absorbing a heat of sensible cooling and a heat of con 
densation by said dehumidi?ed air in said reheater; and 

routing said dehumidi?ed air through at least tWo turbines 
for supply to said enclosure. 

2. The method of claim 1, Wherein the step of compress 
ing said Water vapor bearing air comprises the step of 
increasing a pressure of said Water vapor bearing air in an 
increasing stepped fashion. 

3. The method of claim 1, Wherein the step of compress 
ing said Water vapor bearing air comprises the step of 
passing said Water vapor bearing air through at least tWo 
compressors. 

4. The method of claim 1, further comprising the step of 
placing in heat exchange relationship said compressed air 
and said dehumidi?ed air, the step of placing in heat 
exchange relationship occurring in said reheater. 
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5. The method of claim 1, further comprising the step of 
placing in heat exchange relationship said compressed air 
and an expanded air from one of said turbines, the step of 
placing in heat exchange relationship occurring in said 
condenser. 

6. The method of claim 1, further comprising the step of 
extracting condensed Water vapor from said compressed air. 

7. A method for conditioning Water vapor bearing air for 
supply as conditioned air to an enclosure, comprising the 
steps of: 

cooling said Water vapor bearing air sequentially in a 
plurality of primary heat exchangers; 

cooling said Water vapor bearing air in a reheater; 
condensing Water vapor from said Water vapor bearing air 

in a condenser such that said compressed air can 
become a dehumidi?ed air; 

absorbing a heat of sensible cooling and a heat of con 
densation by said dehumidi?ed air in said reheater; and 

routing said dehumidi?ed air through at least tWo turbines 
for supply to said enclosure. 

8. The method of claim 7, further comprising the step of 
compressing said Water vapor bearing air, the step of com 
pressing said Water vapor bearing air occurring prior to the 
step of cooling said Water vapor bearing air in said reheater. 

9. The method of claim 7, further comprising the step of 
compressing said Water vapor bearing air, the step of com 
pressing occurring in a plurality of compressors. 

10. The method of claim 9, Wherein the step of compress 
ing comprises the step of increasing a pressure of said Water 
vapor bearing air in an increasing staged fashion. 

11. The method of claim 7, further comprising the step of 
alternately cooling and compressing said Water vapor bear 
ing air in said primary heat exchangers and a plurality of 
compressors. 

12. The method of claim 11, Wherein said compressors are 
operable in series With one another. 

13. The method of claim 7, Wherein said primary heat 
exchangers are operable in parallel to one another on a RAM 
air side. 

14. The method of claim 7, further comprising the step of 
reducing an addition of heat to said supply by routing said 
dehumidi?ed air through said turbines. 

15. The method of claim 13, Wherein at least one of said 
turbines is upstream of said condenser and at least another 
of said turbines is doWnstream of said condenser. 

16. An improved method for conditioning Water vapor 
bearing air by pre-cooling said air in a primary heat 
exchanger for eventual Water vapor condensation, Water 
vapor extraction, and further cooling, Wherein the improve 
ment comprises the steps of: 

cooling said Water vapor bearing air sequentially in a 
plurality of secondary heat exchangers Which operate in 
parallel on a RAM air side, the step of cooling occur 
ring after the step of pre-cooling; and 

compressing said Water vapor bearing air sequentially in 
a plurality of compressors, the step of compressing 
alternating With the step of cooling, and the step of 
compressing comprising the step of increasing a pres 
sure of said Water vapor bearing air in an increasing 
stepped fashion. 

17. An improved method for conditioning Water vapor 
bearing air by pre-cooling said air in a primary heat 
exchanger for eventual Water vapor condensation, Water 
vapor extraction, and further cooling, Wherein the improve 
ment comprises the steps of: 

cooling said Water vapor bearing air sequentially in a 
secondary heat exchanger and a tertiary heat exchanger, 
the step of cooling occurring after the step of pre 
cooling; and 
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compressing said Water vapor bearing air sequentially in 

a plurality of compressors, the step of compressing 
alternating With the step of cooling, and the step of 
compressing comprising the step of increasing a pres 
sure of said Water vapor bearing air in an increasing 
stepped fashion. 

18. An improved method for conditioning Water vapor 
bearing air by pre-cooling said air in a primary heat 
exchanger for eventual Water vapor condensation, Water 
vapor extraction, and further cooling, Wherein the improve 
ment comprises the steps of: 

cooling said Water vapor bearing air in a secondary heat 
exchanger after the step of pre-cooling, the step of 
cooling comprising a last cooling step; and 

compressing said Water vapor bearing air sequentially in 
a plurality of compressors, the step of compressing 
alternating With the step of cooling and comprising the 
step of increasing a pressure of said Water vapor 
bearing air in an increasing stepped fashion, the step of 
increasing said pressure comprising a last compression 
step Which folloWs said last cooling step. 

19. The improvement of claim 18, Wherein said Water 
vapor condensation, Water vapor extraction and further 
cooling occur in a reheater doWnstream of said compressors, 
a condenser doWnstream of said reheater, and a plurality of 
turbines doWnstream of said condenser and reheater. 

20. The improvement of claim 18, Wherein said Water 
vapor condensation, Water vapor extraction and further 
cooling occur in a Water extractor and a plurality of turbines 
doWnstream of said compressors While in the absence of a 
reheater doWnstream of said compressors. 

21. In an improved method of Water vapor condensation, 
Water vapor extraction, and further cooling of a high pres 
sure air Which is produced upon a Water vapor bearing air 
being alternately pre-cooled and compressed in a plurality of 
heat exchangers and compressors, Wherein the improvement 
comprises the steps of: 

cooling said high pressure air in a reheater; 
condensing Water vapor from said high pressure air in a 

?rst turbine such that said high pressure air can become 
a dehumidi?ed air; 

absorbing a heat of sensible cooling and a heat of con 
densation by said dehumidi?ed air in said reheater; and 

routing said dehumidi?ed air through a second turbine. 
22. In an improved method of Water vapor condensation, 

Water vapor extraction, and further cooling of a high pres 
sure air Which is produced upon a Water vapor bearing air 
being alternately pre-cooled and compressed in a plurality of 
heat exchangers and compressors, Wherein the improvement 
comprises the steps of: 

cooling and condensing Water vapor from said high 
pressure air in a reheater condenser such that said high 
pressure air can become a dehumidi?ed air; 

cooling said dehumidi?ed air in a subcooler; and 
absorbing a heat of sensible cooling and a heat of con 

densation by said dehumidi?ed air in said reheater 
condenser. 

23. An air cycle environmental control system for condi 
tioning Water vapor bearing air for supply to an enclosure as 
conditioned air, comprising: 

a plurality of compressors capable of compressing said 
Water vapor bearing air to produce a compressed air; 

a reheater capable of cooling said compressed air; 
a condenser in How communication With said reheater, 

said condenser being capable of condensing said Water 
vapor; 
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a Water extractor in How communication With and inter 
mediate of said condenser and said reheater; and 

a plurality of turbines in How communication With and 
doWnstream of said reheater. 

24. The system of claim 23, Wherein said compressors are 
operable serially With one another. 

25. The system of claim 23, Wherein said compressors are 
capable of increasing a pressure of said Water vapor bearing 
air over a plurality of stages. 

26. The system of claim 23, further comprising a plurality 
of primary heat exchangers operable in parallel to one 
another. 

27. The system of claim 23, Wherein at least one of said 
turbines is disposed upstream of said condenser and at least 
another of said turbines is disposed doWnstream of said 
condenser. 

28. The system of claim 23, Wherein at least one of said 
turbines is capable of recovering a heat of condensation and 
heat of sensible cooling from said condenser. 

29. An air cycle environmental control system for condi 
tioning Water vapor bearing air for supply to an enclosure as 
conditioned air, comprising: 

a plurality of primary heat exchangers Which are operable 
in parallel to one another, said primary heat exchangers 
being capable of cooling said Water vapor bearing air; 

a reheater doWnstream of said primary heat exchangers, 
said reheater being capable of cooling said Water vapor 
bearing air; 

a condenser doWnstream of said reheater, said condenser 
being capable of condensing said Water vapor; 

a Water extractor doWnstream of said condenser, said 
Water extractor capable of extracting said condensed 
Water vapor; 

a ?rst turbine doWnstream of said reheater; and 
a second turbine doWnstream of said condenser. 
30. The system of claim 29, further comprising a plurality 

of compressors in How communication With said primary 
heat exchangers. 

31. The system of claim 30, Wherein said compressors are 
upstream of said reheater. 

32. The system of claim 30, Wherein at least one of said 
compressors is intermediate of at least tWo of said primary 
heat exchangers. 

33. The system of claim 30, Wherein said compressors are 
operable in series With one another. 

34. The system of claim 30, Wherein said reheater is 
capable of placing in heat exchange relationship a com 
pressed air from at least one of said compressors and a 
dehumidi?ed air from said Water extractor. 

35. The system of claim 29, further comprising a fan 
Which is operable separately from said turbines. 

36. The system of claim 29, Wherein said condenser is 
capable of placing in heat exchange relationship an 
expanded air from at least one of said turbines and a cooled 
air from said reheater. 

37. In an improved subsystem for conditioning Water 
vapor bearing air and having a primary heat exchanger, said 
Water vapor bearing air being conditioned for eventual Water 
vapor condensation, Water vapor extraction, and cooling, 
Wherein the improvement comprises: 

a plurality of secondary heat exchangers Which operate in 
parallel on a RAM air side, said secondary heat 
exchangers capable of cooling said Water vapor bearing 
air after said air has passed through said primary heat 
exchanger; and 

a plurality of sequentially operating compressors disposed 
in an alternating relationship With said secondary heat 
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exchangers such that said Water vapor bearing air can 
be pressuriZed in an increasing stepped fashion. 

38. In an improved subsystem for conditioning Water 
vapor bearing air and having a primary heat exchanger, said 
Water vapor bearing air being conditioned for eventual Water 
vapor condensation, Water vapor extraction, and cooling, 
Wherein the improvement comprises: 

a plurality of secondary and tertiary heat exchangers 
capable of sequentially cooling said Water vapor bear 
ing air after said air has passed through said primary 
heat exchanger; and 

a plurality of sequentially operating compressors disposed 
in an alternating relationship With said secondary and 
tertiary heat exchangers such that said Water vapor 
bearing air can be pressuriZed in an increasing stepped 
fashion. 

39. In an improved ?rst subsystem for conditioning Water 
vapor bearing air and having a primary heat exchanger, said 
Water vapor bearing air being conditioned for eventual Water 
vapor condensation, Water vapor extraction, and cooling in 
a second subsystem, Wherein the improvement in said ?rst 
subsystem comprises: 

a secondary heat exchanger doWnstream of said primary 
heat exchanger, said secondary heat exchanger capable 
of providing a last cooling of said air in said system; 

a ?rst compressor intermediate said primary and second 
ary heat exchangers; and 

a second compressor doWnstream of said secondary heat 
exchanger, said second compressor capable of provid 
ing a last compression of said air in said system. 

40. The improvement of claim 39, Wherein said second 
subsystem comprises a reheater doWnstream of said second 
compressor, a condenser doWnstream of said reheater, and a 
plurality of turbines doWnstream of said condenser and 
reheater. 

41. The improvement of claim 39, Wherein said second 
subsystem comprises a ?rst turbine directly doWnstream of 
said second compressor, a Water extractor doWnstream of 
said ?rst turbine and a second turbine doWnstream of said 
Water extractor. 

42. In an improved system for conditioning Water vapor 
bearing air, aid system comprising a ?rst subsystem for 
pressuriZing said air and a second subsystem for extracting 
said Water vapor and cooling said air, said ?rst subsystem 
comprising a plurality of heat exchangers and a ?rst and a 
second compressor, said second subsystem comprising a 
?rst and a second turbine, Wherein the improvement in said 
second subsystem comprises: 

a reheater directly doWnstream of said second compres 
sor; and 

said ?rst and second turbines being doWnstream of said 
reheater. 

43. In an improved system for conditioning Water vapor 
bearing air, said system comprising a ?rst subsystem for 
pressuriZing said air and a second subsystem for extracting 
said Water vapor and cooling said air, said ?rst subsystem 
comprising a plurality of heat exchangers and a ?rst and a 
second compressor, said second subsystem comprising a 
?rst and a second turbine, Wherein the improvement in said 
second subsystem comprises: 

a reheater condenser directly doWnstream of said second 
compressor; 

a subcooler doWnstream of said reheater; and 

said ?rst and second turbines being doWnstream of said 
subcooler. 
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44. In an improved 4 Wheel air cycle environmental 
control system having tWo turbines Which are rotatably 
engaged to at least one compressor, a fan, a reheater, and a 
condenser, Wherein the improvement comprises: 

a plurality of primary heat exchangers for receiving a 
bleed air to be conditioned, said primary heat exchang 
ers being operable in parallel to one another; 

a plurality of compressors in How communication With 
said primary heat exchangers, said compressors being 
operable in series With one another and capable of 
compressing said bleed air in stages; and 

O 

18 
said fan being operable separately from said turbines and 

said compressors. 
45. The improvement of claim 44, Wherein said compres 

sors are upstream of said reheater. 
46. The improvement of claim 45, Wherein at least one of 

said compressors is intermediate at least tWo of said primary 
heat exchangers. 

47. The improvement of claim 46, Wherein said primary 
heat exchangers are operable in series With said compres 
sors. 


